Introduction
Sternal wound instability (SWI) and/or infection are still active and life-threatening complications in cardiac surgery. 1 The pathogenesis is not yet clearly defined, and many authors identified several factors, patient or surgeon-related, as potential causes. 2 This explains why its incidence has remained stable over the time (range 2-5%).
3, 4 Kirklin and Barrat-Boyes 5 reported that SWI and wound infection are concomitantly present in the majority of cases. In the belief that deep wound infection occurrence might be a consequence of technical pitfalls, prevention of sternal instability, due to suboptimal sternal wiring techniques, might grossly reduce the incidence of such complication.
The Flexigrip (Praesidia S.r.l., Bologna, Italy) is a sternal closure system, composed of thermoreactive alloy of nickel AQ1 and titanium with a memory effect, which acts as a brace holding together the sternal osteotomy.
The aim of the study was to evaluate the impact of the use of the nitilium clips on the sternal wound in a high-risk population for sternal instability, by a matched analysis. The study was completed with a cost analysis.
Materials and methods
Ethics approval was granted by the University of Padova Research Ethics Board, and individual patient consent was obtained. Between January 2009 and February 2012, 2068 consecutive patients, who underwent cardiac surgery, through median sternotomy, and prospectively entered in our Institutional database, were selected. Urgent cases were excluded from the analysis. The sternal re-approximation was obtained with the use of nitilium clips (2-4 clips) in 561 patients (group A), whereas a classical five to six steel wires sternal closure technique was applied in 1507 patients (group B). Elderly age, frail sternum, coronary artery disease associated to a bilateral internal thoracic artery harvesting, obesity, chronic obstructive pulmonary disease, renal insufficiency, long total operative time, and diabetes are well known risk factors for SWI. [1] [2] [3] To test the real efficiency of the nitilium clips in preventing SWI, we matched the patients 1 : 1 according to the following 10 variables: 
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age, age >75 years, sex, diabetes mellitus (defined as a history of diabetes regardless of the duration of disease or need for anti-diabetic agents), type of cardiac procedure (according to the cardiac pathology: ischemic and others), obesity (defined as BMI of 30 and above), re-intervention (REDO), cross-clamp, and total operative times ( Table 1) . The analysis generated a matched cohort in which the baseline prognostic variables were well balanced. Fifty-four percentage of the patients (1122/ 2068) were matched for the selected risk factors, with an equal distribution of risk covariates (Table 1) .
Statistical analysis
Categorical variables were expressed as absolute frequency distribution. All continuous variables had a normal distribution (assessed by the Shapiro-Wilk normality test) and were expressed as mean AE SD.
A one-to-one matching based on propensity scores was done. The propensity score was estimated by a logistic regression model for each patient. Matching using caliper of width 0.2, the SD of the logit of the propensity score was performed. Comparisons between the two groups were carried out taking into account the matched nature of the propensity score-matched sample.
In particular, a paired t-test was used for continuous variables and a McNemar test was used for binary variables. All reported P-values were two-sided and significant level of a (0.05) was used. Statistical analysis was performed using STATA software (Release 10.0 for Windows, StataCorp LP AQ2
).
Nithilium thermoreactive clips
Nitinol clip is a sternal closure system with specific indication in cardiothoracic surgery. The system is composed by nitinol staples and an instrumentation kit. The staple acts as a brace holding together the sternal osteotomy. The nitinol clip is composed of thermoreactive alloy of nickel and titanium with a memory effect. This means that the nitinol clip becomes malleable at less than 108C and recovers its shape when placed at above 258C. The nitinol clip is applied through a hole created bilaterally into the second, third and forth or fifth inter-costal space, according to the sternal length. Two steel wires are placed for the manubrium and the xyphoid process approximation.
Patient management
In our protocol, preoperative skin preparation consists of showering with 4% clorhexidine, the evening or the morning before surgery. Before shower, the patient undergoes electrical hair removal. The operative field is painted with iodine solution. All skin surfaces of the operative field are dressed with adhesive drapes. Antibiotic prophylaxis is started at the call to the operating room and repeated 1-2 times during surgery, with single endovenous vancomycin or associated with endovenous gentamycin if femoral cannulation or safena grafting is performed, at the doses of 2 g and 1.5 mg/kg, respectively. The use of diathermy and bone wax was similar during haemostasis phases. Our policy for chest wound closure after sternal wiring or clipping is to use a triple layer technique up to the intra-cutaneous skin closure. From deep up to the surface, the presternal fascia is closed with 1-0 Vicril (Ethicon), subcutaneous tissue with 0-Vicril, and the skin with 3-0 Vicril sutures. The three sutures, performed on continuous stitches, are resorbable. Surgical wounds are first inspected on the third postoperative day, and if no complication occurs, changed on the fifth postoperative day. If sternal dehiscence occurs, the patients are treated with appropriate systemic antibiotics, wound irrigation with iodine solution and sodium hypochlorite once daily. However, if the wound involves deeply the tissue, a minimally invasive vacuum-assisted closure (VAC) is selected. The incidence of sternal wound complications was assessed during the entire follow-up (30 days).
In presence of chronic obstructive pulmonary disease, bilateral-internal thoracic artery take down, paramedian sternotomy, very frail sternal bone and/or osteoporosis, before re-approximating the sternum, bilateral parasternal steel wires were used to laterally support the sternum AQ3 . The preference was given to Robicsek technique 11 or to Sutherland technique, 12 when a steel-wire technique was used.
These sternal closure techniques were adopted indifferently by each surgeon of our Cardiac Unit, including the residents.
Definitions
According to the Centers for Disease Control and classifications, the infection of surgical wounds of sternotomies should be considered as superficial if only the skin and subcutaneous tissue are involved; deep when the infection reaches the sternum, but does not involve it; and organ/space when sternal osteomyelitis or mediastinitis occurs. For the benefit of consistency in comparing data, SWI AQ4 was sub-divided into two groups. Superficial, when it is confined to the subcutaneous tissue and deep when the bone and/or the mediastinum are involved. Additionally, both superficial and deep complications were further subdivided into infected and not infected. A wound complicated was retained infected in presence of fever, leucocytosis, microbiological positive cultures and need of antibiotic therapy, and/or in presence of local signs such as wound drainage, redness, skin discharge or dehiscence and fat necrosis. In absence of these clinical signs, the wound, even if dehiscent, was considered not infected.
Cost definitions
Actual hospital costs were calculated for every patient who underwent either of the two sternal closing methods.
Our cost-effective analysis compared the direct costs (patient care related) including the human cost resource.
The following items for each procedure were considered: costs of the nitinol clip (80 s each), of the steel wires (20 s for each pack with six wires), of the daily cost of the VAC therapy, of the implantation of the Synthes titanium sternal fixation, of the hourly cost of the urgency use of the operating room, of the cost of a day recovery in hospital and of the daily cost of the ICU, and of the cost of the entire cardiac procedure (given below) (according to the granted data of the Sanitary Direction of our centre).
List of items included in the total cost analysis:
(1) Nithilium clips and steel wires cost (2) Medications, materials and daily cost of the VAC therapy (3) Synthes titanium sternal fixation (4) Hourly cost of the urgency use of the operating room (5) Length of ICU stay (days) (6) Length of hospital recovery (days) (7) Cardiac procedure cost including human costs To calculate the total cost for each patient, we multiplied the unit cost of the various components of care by the documented use and then summed the product. Medical, nursing, and technical staff salaries were considered in the total cost of the procedure for every patient.
Results
Totally, 561 patients for each group were matched for 10 balanced characteristics and procedure-related variables (Table 1) . On the contrary, bilateral internal thoracic harvesting, congestive heart failure, chronic obstructive pulmonary disease, and renal insufficiency were significantly more frequent risk factors in group A (Table 2 ).
Overall incidence
The overall incidence of wound complications was 2% (12/561) versus 3.5% (20/561) in group A versus group B, respectively (P ¼ 0.28) ( Table 3 ).
Sternal instability
In group A, not a single patient experienced a deep wound complication requiring sternal re-wiring, whereas in group B, nine patients presented a deep wound complication with associated SWI, requiring rewiring (P ¼ 0.003). In two of them, the use of the Synthes titanium fixation system was necessary to treat a rib and sternum continuity loss. Both these patients had a double internal thoracic artery harvesting. Five patients in group B underwent rewiring because of sternal instability with a deep wound infection, whereas no cases of sternal disruption secondary or associated to infection have been observed in group A (P ¼ 0.06). The causative bacteria isolated were gram-negative organisms; in two patients, a Pseudomonas was cultured, whereas in the last three cases, an Enterobacter was isolated. In the last four patients, all belonging to group B, in whom a sternal re-wiring was required, the deep complication was without signs of infection. In the single patient in group A, who had an aseptic sternal instability, the sternum resynthesis was unnecessary, because the SWI was limited to the manubrium. In all these cases, the cause of sternal instability has been recognized in sternum disruption, without any evidence of broken wires. Deep wound and SWI incidence were significantly less frequent in group A in comparison with group B [1 patient (0.17%) versus 9 patients (1.6%)] (P ¼ 0.02). BITA, bilateral internal thoracic artery; CHF, congestive heart failure (it was defined as an ejection fraction of <30%); COPD, severe chronic obstructive pulmonary disease according to STS scoring (defined as a history of emphysema, chronic bronchitis, and bronchiectasis, requiring a long-term use of bronchodilators and/or need of corticosteroid therapies). Renal insufficiency: renal function was estimated by the serum creatinine level of 1.5 mg/dl or greater. 
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Superficial wound complications
The superficial incidence was similar in both groups. We observed 22 superficial wound cases and in the majority of patients the skin and subcutaneous dehiscence was secondary to an infection (15 patients).
The infected cases were equally distributed within the groups: 10 and 5 in groups A and B, respectively (P ¼ 0.17). Gram-positive bacteria were the most common organisms involved; in 13 patients a Staphylococcus aureus was cultured. In the remaining cases, a methicillinresistant S. aureus (MRSA) was isolated. The aseptic sternal wound complication resulted to be more frequent in group B, although not significantly (P ¼ 0.12).
Postoperative outcomes
Six patients in group A required a VAC dressing therapy for delayed wound healing (6/12) versus 12 patients in group B (12/20). The incidence was similar in both groups (P ¼ 0.23). The ICU stay resulted similar (P ¼ 0.34). Postoperative bleeding incidence was comparable for both groups, and in none of the cases, this complication was correlated to the nitinol clip.
Cost analysis
The group A cost for cure was lower than that in group B, although the difference was not significant (P ¼ 0.65). Overall costs, considering cardiac procedure costs, hospital stay and complication treatments (given as a list above under the 'Cost definitions' section), were 8 701 854 s in group A and 9 243 702 s in group B. The main differences in costs between the two groups consisted of the costs related to the complication treatments, despite the fact that the nitinol clip cost was higher than that of the steel wire. Purchase price for nitinol clip overcharged the group A of 137 280 s. Mean government reimbursement for each group was 13 728 000 (mean for patient 24 000 s, ranging between 15 000 and 120 000 s). Thus, considering the general costs in both groups, the complication costs and the costs related to the nitinol clip price, the calculated hospital profit was 5 026 146 and 4 484 298, respectively, in groups A and B.
Discussion
The aim of the study was to evaluate whether the sternal closure with the nitinol Flexigrip system improves the sternal mechanical stability in patients at high risk for SWI. It was also provided a cost analysis to observe if the unrestricted use of this device may influence the overall costs.
On the basis of the observation that in the vast majority of cases of sternal wound infections some degree of sternal instability is always present, 6 we compared the results observed in two populations of matched patients in whom two different sternal wiring techniques were adopted, using the same triple-layer suture for fascia, subcutaneous tissue and skin. The two populations were matched for 10 preoperative and operative risk factors and differed only for the sternal closing technique adopted: standard wiring technique versus nitinol clip technique. Furthermore, the two populations were significantly different for important risk factors that per se may jeopardize the sternal stability. As a matter of fact, double internal thoracic artery harvesting, chronic obstructive pulmonary disease, congestive heart failure, and renal insufficiency were significantly more frequent in nitilium clip group. Double internal thoracic artery (ITA) harvesting indeed modifies the postoperative sternum vascularization; chronic obstructive pulmonary disease increases a postoperative cough incidence favouring a sternal bone flattering; renal insufficiency is frequently associated to severe osteoporosis as well as for congestive heart failure in which cachexia is frequent.
Several strategies to prevent mediastinitis, sternal dehiscence, or both have been previously published, [7] [8] [9] [10] but there is still a lot of controversy. Robicseck et al.
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proposed a parasternal wire suture in the presence of a frail and osteoporotic sternum. Sutherland et al.
12 modified and simplified this sternal support technique. In both cases, the concept is to attenuate the transverse forces exercised on the bone by the wires. A common belief is that wound infection is largely technique-dependent, and so, both closure method and materials should provide stable repair. Further evidence of the importance of sternum stability over the infection was noticed from the results we observed in a previous study when a parasternal reinforcement was added in a subgroup of high-risk patients, regardless of the sternal wiring technique adopted. 6 In that case, no signs of superficial and deep wound infections were observed. Nevertheless, the bilateral internal thoracic artery (BITA) harvesting in the study population was a rare event. 6 In our current experience, the results obtained in highrisk patients closed by nitilium clips technique are superior than those observed in lower-risk patients closed with the classic steel-wires technique. Wounds can be broadly categorized as having either an 'acute superficial' or a 'chronic deep' evolution. None of the patients with nitinol clips experienced a deep wound complication with sternal instability requiring a bone re-wiring. Ten of these patients experienced a superficial wound infection and in none of the cases, the infected complication deeply advanced toward the sternum. All these complications resulted to be Gram-positive-related. Surgical wound bacteria are likely to have three main origins: the environment (exogenous microorganisms in the operating room air); the surrounding skin (normal skin residents such as Gram-positive bacteria); and endogenous sources (gastrointestinal, oropharyngeal, and genitourinary mucosa). Thus, to our mind, when the wound complication is superficial and therefore the healing time is short, it may allow sufficient time for only a relatively small number of skin contaminants to take residence; on the contrary, when the wound follows a chronic deep evolution, the continued tissue exposure associated with a slow healing is likely to facilitate the colonization and establishment of a wide variety of endogenous microorganisms (Gram-negative). For these reasons, we speculate that in none of the cases we observed a deep infected case in group A, and on the contrary, we observed several deep infected SWI in group B, which were Gram-negative-related. Furthermore, four patients in steel-wires group had a sternal dehiscence not secondary to wound infection, whereas this event occurred just once in nitinol clips group. These results support the thesis for which the sternal stability may reduce the above tissue shifting, thus reducing the wound dehiscence. Suppose that a stable sternal closure, in case of wound infection, opposes a barrier to the deeply progression of infection, we speculate that the superior stability, granted by the staples of the nitinol clip, might reduce the mediastinitis incidence. Additionally, as the tension applied is standard, the efficacy does not depend on users, avoiding the bias related to the surgeon. This is important especially for patients with abundant postoperative cough, such as chronic obstructive pulmonary disease (COPD) patients, or patients with a bilateral ITA harvesting or for patients suffering of osteoporosis as elderly patients, in whom the sternum healing is compromised either by the separating radial forces exercised by the cough, or by the sternum bone fragility induced by the operative choice or by the intrinsic pathology. A further risk factor could be identified in the congestive heart failure because the patients have a particularly compromised peripheral vascularization (cardiac cachexia). The expansive forces normally applied to these already compromised sternums may cause micro-fractures around the not-expandable steel wires, leading to a reduced compactness of the sternal halves, and inevitably a continuous consequent flattering of the tissue placed above. Thus, according to our results, the nitilium clips allow superior results than the classic steel-wires technique, [13] [14] [15] [16] accomplishing a real prophylactic strategy.
Considering that the nitilium clips are commonly positioned in the inter-costal parasternal spaces, a possible higher incidence of postoperative bleeding could be attended. As a matter of fact, the event was comparable in the two groups.
The higher incidence of VAC therapy and of sternal re-wiring in the steel wire group, lead to a prolonged hospitalization and higher treatment costs. Sternal re-wiring in these cases offers a new sternal stability with the aim to give a better patient comfort, accelerated wound healing, decreased incidence of paradoxical chest wall breathing, as well as a lower mortality. This policy, in our experience, showed significant advantages in cases of sternal dehiscence, especially in high-risk patients. As a consequence, all the strategies that can effectively reduce the incidence of wound complication might potentially reduce the prolonged hospital stay and the waste of hospital resources. With an un-restricted nitinol clip application for the sternal closure, we observed an overall cost reduction of 540 000 s. Since the treatment of the complications dominated the cost difference, the nitilium clips use favoured a hospital profit.
Conclusions
According to our results, the Flexigrip use assures a lower incidence of sternal wound complications in high-risk patients. In presence of wound infection, the nitlium clip closure acted as a barrier to a further infection progression.
